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Synopsis

SHIFTING SANDS ARE A NATURAL, INTEGRAL
part of any beach, but this movement, when
zoupled with development, can cause prob-
lems. Approximately one-half of South
Carolina’s 90 miles of developed shoreline is
sroding or lacks a dry-sand beach due to the
aomes, businesses and seawalls built too close
;0 the ocean.

The Beachfront Management Act of 1988
and 1990 was a first step in addressing this
sroblem. Construction setbacks were man-
lated and new erosion control structures out-
awed. This policy of retreat will have a pos-
tive impact on most developed and unde-
reloped beaches, but landward movement is
10t feasible for all coastal communities given
‘he size and investment of the current ocean-
ront development. Beach nourishment may
se the only alternative if these beaches are to
se preserved.

“Conserving South Carolina’s Beaches”
rives an overview of the nourishment needs of
his state. The document outlines almost 20
1ourishment projects and includes rec-
ymmendations regarding construction meth-
vds and sand sources. Although revisions are

to be expected when the time comes to imple-
ment specific projects, the cost estimates pro-
vide a preliminary guide for ranking projects
and relating them to the value of existing
development or costs of other shore-protection
alternatives.

The author estimates it will take 16 mil-
lion cubic yards of sand (approximately 100
football fields, each filled with a 100-ft high
pile of sand) at a cost of about $65 million to
restore and maintain a minimum dry-sand
beach along the state’s eroded coast over the
next ten years. Areas such as Hunting Island
and Folly Beach will require expenditures up
to $500 per linear foot, while stable beaches
such as Myrtle Beach will require less than
$100 per foot.

Because the needs of an area and the
response to nourishment are never identical,
beach nourishment will not be the answer to
every erosion-related problem. Experience,
however, is the best guide and is leading to
better results. By combining nourishment
with the state’s current coastal retreat policy,
South Carolina’s beaches can be just as beau-
tiful 100 years from now as they are today.
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Beach Consetrvation Alternatives

TH.E FOCUS OF THIS BOOKLET IS ON conserving
South Carolina’s almost 200 miles of sandy
beaches. This is already being done in many
ways.

Preservation. Over 40 percent of South
Carolina’s coastline is preserved as wildlife
refuges or public parks. Other than a few
nature interpretation centers and

owners built along the coast at their own risk;
private insurance companies did not want to
insure homes built near the ocean. Today’s
flood insurance program is undergoing
changes, encouraging oceanfront property
owners to once again move landward or build
at their own risk.

support facilities, these areas will
never be developed.

Natural accretion. About 20
percent of our coast is developed and
gaining sand. On Sullivans Island,
the beach is building because jetties
trap sand that would otherwise go
elsewhere.

Setbacks for development.
Ten percent of our coast is privately
owned and open to future develop-
ment. Through South Carolina’s
Beachfront Management Act, these
coastal lands are now subject to
greater setbacks from the ocean than

in previous times. Setbacks do not
necessarily reduce property values. Kiawah
Island resort, a leader in land planning and
oceanfront setbacks long before the
Beachfront Management Act, is a good exam-
ple of this. .

Abandonment. Before federal flood insu-
rance became widely available in the early
1970s, abandonment was common. Property

Armoring. Lining the shore with sea-
walls and revetments is a second shore-
protection alternative of the past. By some
estimates, the state has about 20 miles of
developed, armored beaches. In almost every
case, the cost of such shore protection has
been covered by individual property owners at
costs ranging from $20,000 to $100,000 per

A Case for Beach Nourishment

100 feet of shoreline. An esti-
mated $30+ million has been
spent on seawalls in South
Carolina since the mid 1970s. The
investment such structures pro-
tect is surely 10 to 100 times
greater.

State laws now severely limit
this option for a number of rea-
sons. Seawalls hold the line
against an advancing sea at the
expense of the recreational beach.
Walls built where primary sand
dunes once stood invariably con-
flict with the natural exchange of
sand between the beach and dune
system. In many instances the
dry-sand beach is lost. Aside from

the intangible cost to the public beach, such
armored shorelines lose appeal, impact com-
munity property values, and produce a
smaller buffer between storm waves and
buildings.

Beach nourishment. Beach nour-
ishment involves the placement of sand on the
beach by artificial means in an attempt to off-
set losses due to natural erosion, an artificial
accretion of sorts. This doesn’t mean nour-
ishment stops erosion. A nourished beach is

just as dynamic as a natural beach.

Until 1980, very few nourishment projects
were attempted in South Carolina — Hunting
Island and Hilton Head Island being the larg-
est — but the technique has found widespread
use in the United States for several decades.
It is the only alternative that at once con-
serves the public’s recreational beach and the
private, upland areas.

It appears that, by default, beach nour-
ishment will be a favored shore-protection
measure of the 1990s. To understand the com-
plexity of this solution, we need to share a
common frame of reference and learn what
constitutes a healthy beach.
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A Technical Look

Defining a Healthy Beach

A healthy beach has three components:
the broad, sandy shoreline encompassing veg-
etated dunes; a flat, dry-sand beach where we
place our beach chairs and blankets; and the
wet-sand beach where we wade through the
breakers. As long as all of these features are
in place, we perceive a beach as being healthy.

South Carolina has a wide spectrum of
beach conditions, ranging from exceptionally
healthy areas to pathetically eroded areas
armored with seawalls. In extreme cases, even
the wet-sand beach is missing, replaced by a
seawall.

The methodology used to implement the
Beachfront Management Act established an
objective way to determine the relative health
of a beach. Methodology prescribed in the act
includes mandatory surveys of the beach from
the dunes to the low-tide breaker line. This
profile allows calculation of the quantity of
sand on each beach. (Diagram 1)

The beach begins at thé most seaward
dune crest or seawall and extends to low-tide
wading depth. The volume of sand contained
in a 1-ft slice of the beach can be compared
with other beach sections measured to the
same depth of water. Diagram 1 shows the
typical occurrences on the South Carolina
coast. A healthy profile, portrayed in the mid-
dle diagram, contains 100 cubic yards per lin-
ear foot (cy/ft). (Due to differences in grain
size, wave energy, and beach slopes, healthy
profiles in the Grand Strand will have around
80 cy/ft whereas healthy profiles at Hilton
Head Island typically contain at least 120 cy/
ft).

When seawalls or revetments replace sand
dunes, the volume remaining on the beach
may only be 50 cy/ft as shown on the upper
diagram. The beach is said to be “armored”
and may not contain any usable beach area
around the time of high tide each day. It has a
certain sand deficit compared to healthy
beaches.

At the other extreme are beaches con-

taining much larger sand volumes (the lower
diagram) because of sand bars attached to the
beach at low tide. This is especially common
around inlets. Beach profiles indicate how
much extra sand exists beyond a normal
profile.

The middle profile represents an average
that is the minimum desirable sand volume
for a particular beach out to low-tide wading
depth. It includes a natural dune, dry-sand
beach, and wet-sand beach. Litchfield Beach
has an unarmored profile similar to the mid-
dle diagram, whereas the north end of Garden
City or Cherry Grove looks more like the
upper diagram. Profiles from the accreting
areas of Sullivans Island would look like the
lower diagram.

It is obviously the beaches with a sand
deficit that present the most problems. There
are two ways to increase the size of such
beaches: (1) remove the seawall, vegetation,
and any building close to the ocean and allow
a high-tide beach and dune to adjust nat-
urally, or (2) nourish the beach in front of the
seawall and artificially create a healthy
profile.

Computing Sand Volumes

If nourishment is the means by which the
beach is to be preserved, the technical com-
ponents from which the Beachfront
Management Act is administered can help
determine where and how much sand is
needed. To understand this, one must under-
stand the mechanics behind the legislation.

The Beachfront Management Act created
baselines and setback zones. Baselines are
found at the crest of the primary, oceanfront
sand dune. It is from this location the setback
is measured. In cases where there are sea-
walls and no dunes, the position of the base-
line is based on a projection of where the dune
would stabilize if the seawall was removed.
This is determined using beach profiles like
those shown in the previous section.

The setback lines relate to the expected

A Case for Beach Nourishment

Diagram 1

BEACH WITH A SAND DEFICIT

SURVEY
MONUMIEONT

=
o
i
=0
- SAND VOLUME
2 50 YD¥/FT
< 5
>
&
o
-12 T T
0 100 200 300

DISTANCE - FEET

NORMAL BEACH

SAND VOLUME
100 YD3/FT

ELEVATION - FEET

STANDARD SURVEY LIMIT

a1 NORMAL LIMIT OF SAND MOVEMENT
— T
0 100 200 300 400

DISTANCE - FEET

BEACH WITH A SAND SURPLUS

SAND VOLUME
150 YD¥/FT

ELEVATION - FEET
o

T
100 200 300 400 500 600

DISTANCE - FEET




Conserving South Carolina’s Beaches Through the "90s:

erosion rate over the next 40 years, an arbi-
trary period selected for planning purposes
and prescribed by the Beachfront
Management Act. The setback line is meas-
ured from the baseline and is found by multi-
plying an area’s annual erosion rate (for the
past 40 years) by 40. Semiannual surveys or
profiles are taken to determine the movement
of the beach and the eventual placement of the
setback line. Within the setback, limited con-
struction may occur. In front of the baseline, a
special permit is needed from the South
Carolina Coastal Council before construction
may begin.

Diagram 2 depicts a small section of the
Grand Strand and shows how the baseline can
impact certain properties more than others
depending on the volume of sand on the beach,
presence or absence of seawalls, and the set-
back of individual buildings.

With the exception of unstabilized inlet
zones, simple inspection of the South Carolina
Coastal Council’s maps showing baselines and
setback lines point out where the greatest ini-
tial nourishment requirements occur (i.e.,
where baselines encroach farther inland) and
where the greatest maintenance nourishment
requirements are (i.e., where baselines and
setback lines are further apart). It is through
review of the South Carolina Coastal Council’s
beach survey data, baseline positions, sethack
lines, and experience with prior projects that
the nourishment estimates in this booklet are
made.

Look again, for example, at Diagram 1.
The top example, the armored beach, would
require nourishment of 50 cy/ft to achieve the
size and shape of the healthy beach shown in
the middle diagram; however, extra sand
must be added to this quantity to build up the
underwater part of the profile. The extra sand,
which may be one-half the initial nourishment
requirement, is needed to support the high-
tide beach. In other words, a foundation is
needed to support the dunes and the dry-sand
beach just as a first floor is needed to support
the second floor of a house.

Predictions regarding maintenance
requirements can be made by reviewing the
data used to establish the setback lines.
Erosion rates measured by the feet of shore-
line retreat per year can be converted to a vol-
umetric erosion rate if the slope and width of
the beach profile are known. A 2 ft/yr erosion
rate, for example, may equal a volume loss of
4 cy/ft/yr. This gives a measure of the annual
maintenance nourishment requirement for a
given beach.

A Case for Beach Nourishment
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A General Approach to Beach Noutishment

Tﬂ SUCCESS RATE OF BEACH NOURISHMENT
projects around the world has been varied.
Some have lasted for many years while others
have eroded in a few months. Professionals
generally regard the following qualities essen-
tial for success:

Beach gquality sand should be used. If
the sand placed on a beach matches what is
already there, the new sand will mimic that

-beach’s “natural” response to waves and tides.
If the grains are too fine, they will wash out to
sea faster than the natural sand. Good quality
sand, free of mud, generally causes the fewest
negative environmental impacts and works
best.

Long projects work better. Consider
what would happen if only one oceanfront lot
is nourished. The extra sand would bulge out
from the shoreline, inviting waves to attack it.
The result would be a tendency for the sand to
spread along the beach in either direction. If
100 lots are nourished at the same time, the
natural tendency for the artificial beach to
unravel from its ends will take longer to
impact properties in the center.

Nourishment of the entire beach pro-
file works best. Because the beach profile is
like an iceberg with much of its volume under
water, nourishment must allow for some sand
to move past the low-tide mark. Without this
foundation, the high-tide beach will never be

stable. Waves and tides will reshape
7 the new sand into the same slopes con-
tained in the natural beach.

Allow for natural losses along
the shore. Sand often moves in a pre-
ferred direction along the coast. In
South Carolina, this movement is gen-
erally southerly, except near inlets
where northerly movement can also
| occur. Successful projects account for
the natural sand transport system and
| can sometimes use it to an advantage.
‘ A low erosion rate is desirable.
| Nourishment will last longer where
erosion rates are lowest. Where ero-
sion rates are exceedingly high, nourishment
may not be the best solution in the long run.

The cost of sand is reasonable. All else
being equal, sand costing $1/cy to deliver and
spread on the beach works just as well as sand
that costs $10/cy. The cheapest beach-quality
sand is usually the best deal as long as it is
derived from a source other than the beach
itself. This may include offshore deposits,
inland deposits, and in some cases, inlet
deposits where accretion is the natural trend.

The wide range of conditions, erosion
rates, and sand sources for nourishment pro-
jects along the South Carolina coast mirror
the wide range of project costs. Some cost as
little as $.50/cy, whereas others have reached
as high as $12/cy. But the cost of sand alone
cannot be the deciding factor when con-
sidering a beach nourishment project. For
example:

Each year, Beach A is losing one cubic
yard of sand for every foot of beach (1 cy/ft/yr).
Due to the location of beach-compatible sand
for nourishment, the best price Beach A can
get is $6.00/cy. Beach B is losing 8 cy/ft/yr,
eight times more erosion than Beach A, but
has a nearby sand source, bringing the cost of
sand down to $2.00/cy. Renourishing Beach A,
even though the cost of the sand is three times
greater, is certainly a better buy.

During the 1980s, nourishment projects
spanned a wide range of costs (Table 1).

A Case for Beach Nourishment

TABLE 1. Range of costs for beach nourishment projects.
Erosion Rate Equivalent Volume Example
South Carolina Erosion Rates: <1 ft/yr 1 cy/ft/yr Myrtle Beach
~3 ftfyr 4 cy/ft/yr Central Debidue
~6 ft/yr 8 cy/ft/yr Central Hilton Head
Volume Example
Initial Nourishment Requirement 10 cy/ft North Myrtle Beach
to restore previous losses and 25 cy/ft Edisto Beach
produce a 50-ft dry-sand beach 45 cy/ft Fripp Island
seaward of seawalls/eroding dunes 65 cy/it Folly Beach
Unit Costs of Borrow Sand Haul Distance Cost $/cy Example
°By trucks from low-tide <1,500 ft 1.25 Wild Dunes (1983)
bars in accretion zones ~5,000 ft 2.00 Pawleys Island (1988)
~15,000 ft 4.00 North Myrtle Beach (1989)
~35,000 ft 6.00 North Myrtle Beach (1989)
°By trucks from inland <2,500 ft 3.00 DeBordieu (1990)
sand sources ~5-10 mi 5.50 Myrtle Beach (1987)
~5-10 mi 6.50 Myrtle Beach (1990)
~15 mi 8.00 North Myrtle Beach (Bid)
°By dredge from offshore <5,000 it 2.50 Seabrook (1990)
shoals ~5 mi 4.00 Hilton Head (1990)

EXAMPLE 10-YEAR NOURISHMENT COST RANGE
FOR A 1-MILE PROJECT IN SOUTH CAROLINA

Typical Low Range Typical High Range

Initial nourishment volume 10 cy/ft 60 cy/it
Annual maintenance x number of years 1 cy/ft/yr 8 cy/it/yr
Unit cost of sand $2.00/cy $6.00/cy
Volume required (10 years) ~20 cy/ft ~130 cy/ft

Cost/ft of shoreline $40/it $780/it
10-year cost/mile (w/o interest) $210,000/mi $4,539,600/mi




Conserving South Carolina’s Beaches Through the *90s:

A Case for Beach Nourishment

Hunting Island and Myrtle Beach are two
examples. Hunting Island has an erosion rate
estimated as high as 20 ft/yr. The 1980 nour-
ishment project at this beach cost about $175/

ft ($2.50/cy) and added about 70 cy/ft. It is con- |

sidered unsuccessful by some because most of
the fill washed out of the project area within
five years.

Myrtle Beach, in contrast, has a compar-
atively low erosion rate of 1 ft/yr. A 1987 pro-
ject costing $105/ft ($5.55/cy) added around 20
cy/ft or 30 percent of the unit quantity placed

on Hunting Island. Several more years of mon-

itoring are required before its performance
can be objectively compared with Hunting
Island. Projects at Seabrook Island and Isle of
Palms offer two examples of successful nour-
ishment completed during the past decade
(see side bar).

Isle of Palms and Seabrook Island

‘sand in the erosion zones between the areas of
‘rapid accretion, the shoreline was straight- -
‘ened. This lessened the tendency for one area -
to erode more than another and helped restore
the entire beach by several hundred feet.

Today the seawall is buried well inland of the

new Marmers Walk beach.

Same area of Seabrook after the channel waé 6ldééd
and the new inlet (1.5 miles north) was opened. :

Seabrook Islend in 1983, during the first stage of the
inlet relocation project. . : -

] eeper and stablhzed in an ol;iy
. It is the island’s ofEshore bars that

> 1shment prmect’waé completed soon after- :
wards by pumping sand from a nearby ma;rma -
. basm By placmg the nounshment - "'

11
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cost of sand at $5.55/cy. The nearest available
beach-quality sand was over five miles inland
and had to be trucked in at a high cost. How-
ever, in terms of total expenditure per foot of
shoreline, the Myrtle Beach project was close
to the median for all projects in the 1980s.

The Hunting Island project involved the
most sand but half as much shoreline as
Myrtle Beach, making it more costly per foot.
The Wild Dunes (Isle of Palms) nourishment
project was the second most costly because it
was limited to a 5,000 foot reach, but the pro-
ject did produce over 500 feet of new dry-sand
beach. The Seabrook project was the most
cost-effective in terms of the volume provided
per foot of beach. Seven years after a neigh-
boring inlet was relocated, Seabrook’s north
beach is over 1,000 feet wider than before.

The point of these comparisons is to show
the wide range of costs and performance of
projects during the 1980s. Some worked and
others did not or were too small to make much
difference, as was the case of the 1988
Pawleys Island project. Each project, the suc-
cessful as well as the not-so-successful, pro-
vides a benchmark against which future pro-
jects will be measured.

Before Hurricane Hugo (September 1989),
the South Carolina Coastal Council solicited
applications for funding under the $10 million
Beach Nourishment Fund approved by the
General Assembly in 1988. A total of $27.7
million was requested for projects covering
Folly Beach County Park, Edisto Beach,
Grand Strand, Hilton Head Island, Myrtle
Beach, Pawleys Island, Edisto Beach State
Park, and Hunting Island State Park. The
allocation of state funds was as follows:

Town of Hilton Head $6.25 million
Hunting Island $1.80 million
Grand Strand $0.73 million
Edisto Beach $0.65 million
Pawleys Island $0.30 million

Folly Beach County Park $0.25 million

The bulk of the beach nourishment funds
was earmarked for Hilton Head because that

project was further along in planning and
design. After Hurricane Hugo, the awards
were returned to the state to be used for emer-
gency work after the storm.

Hurricane Hugo and
Beach Nourishment

On September 21, 1989, Hurricane Hugo
destroyed almost every foredune and redistrib-
uted sand offshore or in washovers along every
beach in South Carolina north of Kiawah.
While the hurricane caused tremen-dous dam-
ages to the state, the storm and its effects on
beach erosion should be placed in context:

e Great storms are rare and simply inten-
sify or accelerate the normal rate of
change.

e Much of the erosion observed after
storms is the temporary shift of sand
from the dunes to low-tide bars as the
beach flattens and abserbs heavy wave
action.

» Most of the sand washed offshore will
come back to the beach although it may
take several years for a complete recov-
ery. Some of the returned sand may be
found elsewhere down the beach.

A sand loss of immediate concern after
Hugo was sand dunes washed inland— wash-
overs. While this added elevation to private
property, it removed sand from the active
beach system. At Garden City and Litchfield
Beach, the quantity of sand lost to washovers
may have equaled the 1987 Myrtle Beach
nourishment project.

Even though erosion from Hugo should be
viewed as a short-term event, South
Carolina’s beaches were in need of immediate
attention. Exceptionally high tides were pre-
dicted to occur a month after the storm. If
these tides were accompanied by winds from
the northeast, many remaining beach struc-
tures would likely have sustained damage.

South Carolina’s response to this post-
Hugo threat included an immediate effort to
rebuild protective sand dunes. Three weeks

A Case for Beach Nourishment

after the storm, 65 miles of emergency dunes
were scraped into place using sand from the
wet-sand beach and sand plowed from the
yards and streets of coastal communities. The

few weeks of bulldozer work required by this
project was the equivalent of two years of
dune building by natural processes. These
dunes protected the beach and private prop-
erty behind the beach during the succeeding
high tides. Furthermore, the pushed-up dunes
created a base on which natural dunes could
build. The impact of this effort can be seen one
year later in miles of foredunes protected by
sand fences and the first sprigs of vegetation.
(While this effort was successful in most
areas, for about 20 miles of the coast, includ-
ing Cherry Grove, Folly Beach, and the north-
ern portion of Garden City, dune-scraping was
not enough. These beaches were armored and
lacked a dry-sand beach prior to Hugo. After
the storm, there wasn’t enough sand left to
scrape or a beach wide enough to support a
sand dune.)

After the dune-building project, five emer-
gency nourishment projects were authorized
by the Coastal Council. (Table 3) These were
designed around a minimal volume to restore
the beaches to pre-storm levels. Construction
began in November. By March 1990, the pro-
jects at Pawleys Island, North Myrtle Beach,
and Myrtle Beach were complete. Surfside and
Garden City projects were finished by late
April. Even though this work was the result of

an emergency situation, these projects provide
additional cost and experience data from
which nourishment needs in the 1990s may be
estimated.

The expenditures for the emergency beach
work were almost $10 million, with an aver-
age cost of approximately $70 per linear foot
(10-25 percent of the typical cost of South
Carolina’s seawalis). The State of South
Carolina covered about 60 percent of the cost
with the federal government and local inter-
ests covering the remaining 40 percent.

Projects on the Drawing Board

There were six nourishment projects in
the planning and design stage in 1989. (Table
4) The Grand Strand project designed by the
U.S. Army Corps of Engineers is the largest,
encompassing three separate projects and
over 22 miles of shoreline from North Myrtle
Beach to Garden City. At $45 million, it
dwarfs all other projects in South Carolina
and would involve almost 5 million cubic
yards of sand. As Table 4 shows, unit costs are
estimated at $8.75/cy to $9.75/cy, or $360 to
$400 per linear foot for the three communities.

A second federal project involves Folly
Beach. As formulated, it would cost $5.6 mil-
lion for about 1 million cubic yards of sand
and would cover 3.2 miles of shoreline. Unit
costs are estimated at $5.36/cy or $330 per lin-
ear foot.

Hilton Head Island began plans for its
nourishment project in 1986. Construction
began in April 1990 and was finished in
August of that year. This project involved 2
million cubic yards of sand at a cost of $9.7
million, funded by local accommodations tax
revenue, local taxes, and state funds. Unit
costs were about $4.75/cy, or $277 per linear
foot.

Seabrook Island was the sixth project. It
was completed by hydraulic dredge in March
1990 at a cost of $1.5 million and involved
700,000 cy. Unit costs were $2.15/cy or $250
per linear foot.
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Conserving South Carolina’s Beaches Through the "90s:

GIVEN THE VARIED NOURISHMENT EXPERIENCE
along the South Carolina coast, it is necessary
to assume a limited and common set of cri-
teria before estimates are made for future
nourishment needs. While we know the more
sand placed on the beach the longer a project
will last, resources are limited. Even if South
Carolina had unlimited funds, more data on
erosion and performance are needed before we
risk large sums on long-range projects into the
next century.

We can, however, make fairly accurate
predictions for the near future. For our pur-
poses here, a similar design life and level of
protection for each project were assumed.

Design Life

Past experience suggests we can predict
volumetric erosion rates and nourishment
requirements in South Carolina over periods
of less than ten years. Beyond ten years, there is
uncertainty regarding the impacts of storms, the
influence of tidal inlets, or the threat of acceler-
ated sea-level rise. For this booklet, we adopted
a design life of ten years and assumed natural
processes, coastal storms, and tide levels will
occur at the same rates as in recent times.

We define the ten-year nourishment
requirement as follows: (1) The initial nour-
ishment required to produce an average 50-
foot-wide, dry-sand beach seaward of existing
dunes or seawalls at an elevation equaling the
highest tide and wave level in a typical year.
Initial nourishment will include the extra vol-
ume needed below low tide out to a depth of 12
to 15 feet. Myrtle Beach’s 1987 project used
these standards. (2) The maintenance nour-
ishment that is required to replace average
annual sand losses for a period of ten years.

For illustrative purposes, imagine an
armored shoreline with no dry-sand beach
that contains about 85 percent of a normal
sand volume and is losing 3 cy/ft/yr to erosion.
The initial nourishment requirement is 25 cy/
ft and the ten-year maintenance requirement
is approximately 30 cy/ft. The initial nour-

Planning For Future Nourishment Projects

ishment would produce the minimum 50-foot
wide, dry-sand beach. Maintenance nour-
ishment would replace sand losses in suc-
ceeding years. This means the total nour-
ishment requirement as defined above would
be about 55 cy/ft at this site.

If the shoreline in question is 10,000 feet
long, it would require about 550,000 cy of sand
to maintain a minimal dry-sand beach over
ten years. If sand can be delivered for $4/cy
including related expenses such as engi-
neering, mobilization, and monitoring, the
project will cost about $2.2 million exclusive of
interest. While this example is a gross sim-
plification of the design process, it illustrates
a common method for estimating the nour-
ishment requirements for the entire state.

Level of Protection

The level of nourishment envisioned in the
previous section falls within a range of beach
restoration possibilities illustrated in Diagram
3. It would be more than beach scraping but
fall short of absolute protection from storms.

Phase I of the diagram illustrates beach
scraping. This shore protection measure is
inexpensive compared to nourishment and can
be implemented quickly, such as the case
immediately after Hurricane Hugo. Beach
scraping simply shifts sand along the profile
and does not add to or subtract from the sand
supply. The City of Myrtle Beach, prior to its
nourishment project, scraped sand from the
low-tide beach (1abeled borrow on the dia-
gram) and placed it against the shorelines’
eroding scarps and seawalls. This helped for a
short while and provided an alternative to
armoring until a community-wide nour-
ishment plan was implemented.

The middle diagram (Phase II) shows how
a moderately nourished beach as envisioned in
this booklet’s proposed plan is built higher
and more seaward than the existing profile. In
this case, sand is brought in from an external
source, adding to the volume of sand in the
beach and, significantly, to the cost of the pro-
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Conserving South Carolina’s Beaches Through the "90s:

ject. It restores a dry-sand beach and provides
more sand to absorb energy before waves
strike the shore, but it does not provide an
ultimate line of defense against large storms.
Surges like the one caused by Hurricane Hugo
will overtop the new beach and threaten struc-
tures close to the shoreline.

The lower diagram represents more per-
manent protection of the shoreline. It consists
of beach nourishment, construction of dunes,
and possible addition of a buried seawall to
serve as a last line of defense during a major
storm. This level of protection exists on some
South Carolina beaches. Seabrook Island’s
north beach, for example, is protected by a
massive seawall and nourished beach.
Georgetown County’s Litchfield-by-the-Sea,
where one of the healthiest foredunes exists,
can sustain a Hugo-level surge with negligible
damages. This can be produced along any
eroding beach, given sufficient sand and
money. The permanent protection as
described in the lower diagram is well beyond
the level of effort envisioned in this booklet
and possibly beyond the means of some of the
coastal communities in Seuth Carolina.

Estimate of Unit Costs

The projects constructed in the 1980s and
recently planned (Tables 2-4) provide guid-
ance for ten-year nourishment costs in the
1990s. The factors affecting costs are the ini-
tial sand deficit, volumetric erosion rate,
source of sand, means of transfer, and trans-
portation distance (Table 1). Estimates of
needs have to link borrow sources and means
of transport to specific nourishment sites. The
primary borrow areas for beaches in South
Carolina are assumed to be:

° nearshore shoals, especially those

associated with ebb-tidal deltas (Hilton
Head Island, Folly Beach, and Seabrook)
o inland sand pits (Myrtle Beach)
o attached shoals or low-tide bars in
accreting zones (Pawleys Island, Isle of
Palms)

Cost data are available for each type of
project with the range falling between $1/cy
and $10/cy (Table 1). It is generally accepted
that large initial projects are often less expen-
sive per yard than small nourishment or
maintenance projects because start-up costs
have to be apportioned over each nour-
ishment. Unit costs for the 1990s are based
on late 1980s experience with minimal allow-
ance for inflation. For purposes of simplifica-
tion, maintenance nourishment costs were
assumed the same as initial unit costs regard-
less of the sand quantity required, schedule of
nourishment, or economies of scale.

The projects are also formulated with the
following general rules in mind as they apply
to South Carolina:

o The cost of sand is higher in the Grand
Strand because of transport distance
and more limited availability than other
parts of the coast.

e Trucking from inland is generally more
expensive per yard than dredging from
nearby deposits.

Trucking from accreted shoals is gener-
ally less expensive per yard than dredg-
ing for small to medium size projects or
where the fill is thinly spread over a
long section of beach.

Many of the projects could be constructed
by truck or dredge. The most cost-effective
method and sand source are listed, based on
the above general rules. Some projects may
use a dredge for the initial nourishment and
then use trucks for the maintenance nour-
ishment, in which case both methods may be
listed.

There are also situations where several
construction techniques cost about the same,
making it advisable to request bids by alter-
nate methods and allow contractors to des-
ignate the optimal transfer method and bor-
row source. Among the innovations mentioned
in the past for use in the Grand Strand are
conveyors to move the sand from borrow pits
across the Intracoastal Waterway to central
stockpiles near the beach.

A Case for Beach Nourishment

USH\I G A CONSISTENT SET OF CRITERIA, THE
state’s nourishment requirements over the
next ten years are estimated below. The esti-
mate differs from certain projects in planning,
such as the U.S. Army Corps of Engineers’
Grand Strand project, because the design
goals may be different. However, by con-
sidering the needs and costs on a site-specific
basis under consistent criteria, it is possible to
rank each project in terms of unit as well as
total costs.

Of the 90 miles of developed oceanfront in
South Carolina, about 54 miles are eroding to
some degree. In the Grand Strand, the prob-
lem has as much to do with encroaching devel-
opment as the general but slow retreat of the
shoreline. Along Hilton Head, Hunting and
Fripp Islands, by comparison, most of the ero-
sion occurs at the center of these islands while
the ends of the islands gain sand. The erosion
on Seabrook Island is attributed to the move-
ment of an unstable tidal inlet which inter-
feres with the steady flow of sand from
Kiawah. Much of the erosion along Folly
Beach is atiributed to the Charleston Harbor
jetties, structures that impede the flow of sand
to Folly Beach.

The state’s developed, eroding beaches
have been divided into 18 distinct reaches as
given in Table 5 and illustrated by the pie

 Predicted Nourishment Needs For The 1_9905

charts. Reach by reach, the sand deficit (ini-
tial nourishment requirement) and annual
sand loss (maintenance nourishment require-
ment) have been estimated from recent sur-
veys by the South Carolina Coastal Council
and others to arrive at a total yardage
required over the next ten years (see appendix
for details). Unit costs of sand for each reach
are based on the nearest known sand source
and experience from other projects. This yields
a project-by-project total cost and a cost per
foot of shoreline based on the length of each
project.

Table 5 shows 18 beach nourishment pro-
jects (plus contingency) that may be needed in
the 1990s, comprising about 16 million cubic
yards at a cost of $65 million. This is the level
of effort necessary to restore and maintain an
average 50-foot-wide, dry-sand beach along
the developed coast. The average of all pro-
jects would represent an expenditure of about
$230/1t of eroding shoreline. Unit sand costs
will be highest in the Grand Strand, reaching
as much as $8.50/cy (1990 prices) in Briarcliffe
where there is no convenient access to the
sand source. Unit costs will be lowest at
Seabrook Island, Isle of Palms, and Sullivans
Island where nearby sand sources are avail-
able (assuming permission to use nearshore or
accreted shoals is forthcoming from the regu-
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Conserving South Carolina’s Beaches Through the "90s:

Summatry

WHILE BEACH EROSION IS A PROBLEM IN South
Carolina, it can be managed cost-effectively in
many areas through nourishment. Where
gradual retreat, cornerstone of the 1988
Beachfront Management Act , is not practical
given the size and invest-

ishment with selected retreat and construc-
tion of larger sand-retaining structures.
Overall, the nourishment needs along the
South Carolina coast are no different than
other states. Some beaches are worse off and
will require more sand,

ment of buildings, nour-
ishment may be the only
alternative left to con-
serve those beaches.

t is estimated that 16
million cubic yards of
sand, costing around $65
million, will be required to
restore and maintain a
minimal dry-sand beach
along our eroding shore-
line during the next ten
years. Nourishment
requirements and costs
will be greatest at Hilton
Head Island, Hunting
Island, and Folly Beach.
With unit costs approach-
ing $500 per foot of shore-
line in some areas, the
expense will be compar-
able to constructing seawalls. In many cases,
the cost of nourishment will be less than
armoring and a fraction of the value of exist-
ing development.

The estimated ten-year nourishment cost
for the Grand Strand is about $125/ft of shore-
line. Given the fact that this region’s ocean-
front property has sold as high as $10,000/ft of
shoreline in recent years, the relative cost of
nourishment should be low. Further expe-
rience after the 1987 New Year’s Day storm
and Hurricane Hugo demonstrates how nour-
ished beaches reduce storm damage, con-
firming the value of healthy beaches.

At the other extreme, Folly Beach’s ten-
year needs exceed $450/ft of shoreline; here,
oceanfront property values presently average
around $1,500/ft. At some point, economics
must rule, and it may be more cost-effective to
implement a solution that combines nour-

whereas others are
healthy or lack develop-
ment and do not require
any remedial action.
Unfortunately, attention
seems to focus on the
developed, eroding
beaches in South
Carolina and other

i states. There are numer-
4 ous beaches worldwide

il that are healthy and

1 undeveloped.
Furthermore, develop-
ment along the coast is
not necessarily bad. Most
of us cannot readily get
to undeveloped beaches,
and besides, almost eve-
ryone favors convenient
places to stay when they
visit the shore. The goal is to maintain a bal-
ance between development and the beach.

For the most part, South Carolina has
maintained this balance. This state’s coast has
more diversity than any place along the East
Coast; from intense development to pristine
wilderness, from rapid erosion to continual
accretion, from crowded places to solitary ref-
uges. This diversity in a large part can be
attributed to the numerous inlets that separ-
ate the many regions. Unlike many coastal
states, these inlets contain huge sand reserves
that may hold the key to the shoreline’s future
and may provide an alternative source in
some cases to other offshore and inland sand
sources. Within limits and through careful
planning, some of this sand can be tapped and
used to conserve our beaches for future gen-
erations. It will not be without costs, but is
there a better way?

A Case for Beach Nourishment

Appendix

GENERAL

All projects formulated using the concept
of an initial nourishment requirement to
make up existing sand deficits to profile clo-
sure [-12 ft to -15 ft NGVD (approximate
mean sea level) in South Carolina] and restore
a minimum 50-ft dry-sand berm width after
fill adjustment to natural beach and near-
shore slopes for the area. Maintenance nour-
ishment is determined based on surveyed ero-
sion rates from profiles (where available) or
estimation of volumetric erosion rates (to clo-
sure) from linear erosion rates. Initial and
maintenance requirements given as averages
for the reach in question. Note in many cases,
a range of erosion rates and deficits occur
within a reach; therefore, the average applied
is lower than the peak rate for an area (e.g.,
Hilton Head,DeBordieu, etc.). Design berm
elevation is based on normal limit of wave
uprush during spring tides which is +6 ft to +8
ft NGVD along the South Carolina coast. The
ten-year design does not relate to ten-year
peak water levels, rather to the expected rate
of erosion of the berm and sand volume in the
profile. Such nourishment volumes will not
prevent damage during all moderate storms or
safeguard dunes in all cases. But it will pro-
vide adequate volume for natural processes to
restore the profile after storms and maintain a
healthy exchange of sand between the beach
and nearshore area.

e North Myrtle Beach

Estimate 80 percent (35,000 ft) requires
nourishment. Initial requirement averages 10
cy/ft; annual maintenance at 1 cy/ft for nine
years; total fill over ten years is 19 cy/ft/
Possible sand sources are Little River Inlet
shoals, Hog Inlet shoals, and spoil deposits
along ICWW. Emergency project (377,200 cy)
in 1989 generated cost data. Unit-cost esti-
mate is well above 1989 emergency work
because a larger source required than Hog
Inlet shoals. :

o Briarcliff/Unincorporated Horry
County

Estimate 10,000 ft requires nourishment,
particularly hotel section near Hilton Hotel.
Profiles indicate initial deficit is 12 cy/ft and
annual erosion is 1 cy/ft; total fill requirement
over ten years is 21 cy/ft. Possible sand source
is inland spoil deposits along ICWW.
Construction by trucks because of small pro-
ject size. Unit costs assumed high because of
haul distance. Unit price based on quotes for
comparable haul during the Surfside and
North Myrtle Beach emergency nourishment
projects.

e Myrtle Beach

Site of 853,000 cy project in 1986-1987 and
380,000 cy project after Hugo. Assume 55 per-
cent (25,000 ft) will require maintenance, par-
ticularly the hotel district between 60th and
7Tth Avenues North and the area from 31st
Avenue North to 29th Avenue South.
Maintenance estimate at 1 cy/ft/yr for the
reduced project length; total ten-year require-
ment is 10 cy/ft over 25,000 ft. Sand source is
inland spoil pits off ICWW. Unit costs based
on bid price for 1989 project.

o Surfside Beach/Unincorporated Horry
County

Estimate 15,000 ft has initial deficit of 5
cy/ft (after emergency project) and annual ero-
sion at 1.5 cy/ft/yr for nine years; total fill
requirement is 18.5 cy/ft. Sand source is
assumed to be inland spoil pits off ICWW.
Unit costs based on the February 1990 bid for
the emergency project.

o Garden City

Estimate 13,500 ft require nourishment,
primarily around Kingfisher Pier area. Initial
deficit assumed to be 20 cy/ft based on post-
Hugo profiles and allowance for emergency
fill. Estimated erosion rate at 2.0 cy/ft/yr for
nine years; total fill requirement is 38.0 cy/ft
over ten years. Sand source is assumed to be
inlet and attached shoals at Murrells Inlet
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and construction by dredge and/or trucks.

Unit costs estimated from past dredging cost
(Huntington Beach, significantly lower) and
the emergency project (significantly higher).

e Huntington Beach/Litchfield

Essentially a healthy beach except for
localized erosion downdrift of Murrells Inlet
jetties. Presently no deficit because of 1988
inlet maintenance project (450,000 cy).
Assume 5,000 ft will require future main-
tenance based on 2.0 cy/ft/yr erosion rate
(which may accelerate after Year 2000 as the
effects of the jetties become more pronounced);
total fill requirement is 20 cy/ft. Borrow
source is Murrells Inlet shoals. Project may be
done as part of the scheduled maintenance for
the navigation project.

e Pawleys Island

Estimate initial deficit along 15,000 ft of
shoreline (all but north end) at 20 cy/ft based
on post-Hugo surveys and following emer-
gency nourishment. Annual erosion rate esti-
mated at 2.0 cy/ft/yr; total fill requirement is
38 cy/ft. Borrow sources are attached shoals at
Midway Inlet and Pawleys Inlet (same source
used in 1988 and 1989 projects). Construction
proven by land based equipment. Unit costs
based on 1988 and 1989 experience.

* DeBordieu Island

Hstimate initial deficit over 8,000 ft of
developed shoreline at 22 cy/ft; annual erosion
rate estimated to average 2.5 cy/ft/yr; ten-year
requirement is 44.5 cy/ft. Borrow source is
assumed to be inland pits. Unit costs based on
small-scale project experience in October
1989. [Note: An initial project totaling
180,000 cy was completed in April 1990 at a
cost averaging about $4.50/cy.

e Isle of Palms

Estimate that localized erosion may occur
along 4,000 ft of shoreline due to shoal move-
ment around Dewees Inlet (similar to events
in 1982 and 1985). There is not initial deficit,

but localized erosion is assumed at 3.0 cy/ft/yr
in the One adjacent to future shoal attach-
ments. Total fill requirement is 30 cy/ft or
120,000 cy. Borrow source is assumed to be
accreted shoals if such localized erosion occurs
because of the healthy condition of the beach.
Past experience proves the project is feasible
by trucks at low unit costs.

e Sullivan’s Island

Estimate that local problems will persist
along Breach Inlet because of the tendency for
southward migration. Initial deficit over a
2,500-ft reach on the inlet is 20 cy/ft based on
profiles; annual erosion is estimated at 3.0 cy/
ft/yr (short groins lessen the natural rate);
total fill requires averages 47 cy/ft.

¢ Folly Beach/Folly Beach Park

Estimate initial deficit is 65 cy/ft along
20,000 ft of shoreline; annual erosion rate esti-
mated at 3.0 cy/ft/yr (groins reduce the nat-
ural rate); total fill required is 92 cy/ft. Borrow
source is assumed to be updrift shoals of Stono
Inlet or shoals of Lighthouse Inlet and con-
struction by dredge given the large initjal fill
requirement. Unit costs based on project expe-
rience from similar sites.

e Seabrook Island (1)

Estimate south beach (6,000 ft) has a def-
icit of 123 cy/ft or 738,000 cy total. Because of
a sand surplus to the north and an historical
trend of southerly transport, it is assumed
natural accretion will replace fill losses and
stabilize the project for ten years. Borrow
source is the landward end of the north shoal
of North Edisto Inlet which is causing part of
the erosion problem by forcing a channel into
the beach. The project must accomplish
removal of a portion of the shoal, realignment
of the channel, and restoration of the beach to
be successful. Estimated cost is $2.50/cy based
on bids (December 1989). [Note: Project was
completed in March 1990 at a cost of $1.55
million for a total of 685,000 cy.]

A Case for Beach Nourishment

o Seabrook Island (2)

Estimate north beach will erode by mid
1990s unless Captain Sams Inlet is relocated
again (similar to 1983 project). There is no
sand deficit, but about 168,000 cy must be
excavated to relocate the inlet a second time.
Timing of the project should be based on sur-
veys in anticipation of the time lag between
erosion and natural recovery after inlet relo-
cation. Postproject data from the 1983 relo-
cation are available on which to base the sec-
ond relocation. Borrow source would be
Kiawah spit where the proposed inlet relo-
cation is planned. Total costs are based on
past experience plus allowance for inflations
at 8 percent per year through 1996.

e Edisto Beach

Estimate 15,000 ft from the park south
requires nourishment. Initial deficit is 25 cy/ft
based on surveys; annual erosion averages 2.0
cy/ft/yr; total fill requirement over ten years
estimated at 43 cy/ft. Borrow sources assumed
to be inland pits and the shoals at the south
end of the island in St. Helena Sound. Costs
based on prices for comparable dredging
projects.

o Hunting Island

Estimate 16,500 ft (80 percent of the
island) sustains annual loss of 18 cy/ft/yr and
the initial deficit is 88 cy/ft for a unit fill
requirement of 200 cy/ft (Source: CSE, 1990,
Feasibility Study of Beach Restoration
Alternatives for Hunting Island). Total fill
requirement would be 3.3 million cubic yards
or 2.4 times the volume placed in the 1980
project. The total requirement is similar to the
volume placed in four projects over 12 years
between 1968 and 1980 (3.54 million cubic
years). Borrow source could be offshore depos-
its as confirmed in recent surveys or the inlet
shoals at Fripp Inlet and Johnson Creek, some
of which are accessible by landbased equip-
ment. Costs are based on past project expe-
rience at Hunting Island and recent bids for
the Seabrook and Hilton Head nourishment

projects. At the time of this writing (fall 1990),
a budget-limited project involving +1 million
cubic years as in planning by the South
Carolina Department of Parks, Recreation and
Tourism.

o Fripp Island

Estimate 12,000 ft of shoreline principally
in center of the island have an initial deficit of
45 cy/ft; annual erosion is estimated at 5.0 cy/
ft/yr in the erosion zone; total fill requirement
is 90 cy/ft. Borrow source is assumed to be
attached shoals at the north end of Fripp
Island. Sand can be borrowed by using land-
based equipment and transported at relatively
low cost to eroding sections. Unit costs based
on comparable projects. [Note: A larger pro-
ject involving twice as much fill has been pro-
posed as a longer term solution that may
reverse the erosion trend. It would require
excavation of a large portion of the Fripp Inlet
shoal attached to Fripp island to reduce the
sand transport reversal (which causes sand
from the center of the island to shift back to
Fripp Inlet). By realigning the shoreline from
inlet to inlet, the present causes of erosion
would be diminished and produce a more per-
manent project. The estimated ten-year pro-
ject given in this booklet is not considered a-
permanent solution that will alter the basic
causes of erosion at Fripp.]

o Hilton Head Island

A 2.5 million cubic yard project, scaled
back at the time of the bid to about 2,036,000
cy, was designed to nourish 35,000 ft along
central Hilton Head Island. The design esti-
mated an eight-year life. For the present ten-
year nourishment requirement, it is estimated
the initial deficit is 30 cy/ft and annual ero-
sion is 6 cy/ft/yr; total fill requirement for a
ten-year project is estimated at 84 cy/ft.
Borrow source is assumed to be offshore
shoals at Joiner Bank, Gaskin Bank, or
Calibogue Bank as recommended in the
designed project. Unit costs are based on bids.
[Note: The nourishment project began in
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April 1990 and was completed in August; the
schedule called for 57 cy/ft in the project area.
Actual delivered volume was close to 2.5 mil-
lion cubic yards (£70 cy/ft) according to dredg-
ing records.]

o Daufuskie Island
Estimate 9,000 ft along central Daufuskie

have a deficit of 30 cy/ft; annual erosion is
around 4.0 cy/ft/yr; total fill requirement over
ten years would be 66 cy/ft. Borrow source is
assumed to be low-tide shoals along the ocean-
front which are part of the delta complex of
Calibogue Sound. It is assumed landbased
equipment or draglines could be used to exca-
vate and place the materials at relatively low
unit costs of $2.50/cy.

CONTINGENCY

Given uncertainties in any analysis such
as this, it was assumed that an additional 10
percent of the project needs (in terms of shore
length and sand volume) should be added to
the above list of projects. This equated to
+26,500 ft and +1,516,000 cy. Unit costs were
assumed in the median range of $4.80/cy.
‘When combined with the specific projects, the
contingency total yields round figures for total
costs and yardage required.
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